SMC-TR-02-21 


AEROSPACE  REPORT  NO. 
TR-2002(8565)-3 


THE  AEROSPACE 

CORPORATION 

Segundo,  California 


Nye  179  Poly-a-Olefin  Estimated  Vapor  Pressure 
as  a  Function  of  Oil  Loss  at  40°C 


20  March  2002 


Prepared  by 
D.  J.  CARRE 

Space  Materials  Laboratory 
Laboratory  Operations 


Prepared  for 

SPACE  AND  MISSILE  SYSTEMS  CENTER 
AIR  FORCE  SPACE  COMMAND 
2430  E.  El  Segundo  Boulevard 
Los  Angeles  Air  Force  Base,  CA  90245 


Engineering  and  Technology  Group 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED 


20020514  134 


This  report  was  submitted  by  The  Aerospace  Corporation,  El  Segundo,  CA  90245-469 1 ,  under  Con¬ 
tract  No.  F04701-00-C-0009  with  the  Space  and  Missile  Systems  Center,  2430  E.  El  Segundo  Blvd., 
Los  Angeles  Air  Force  Base,  CA  90245.  It  was  reviewed  and  approved  for  The  Aerospace  Corpora¬ 
tion  by  P.  D.  Fleischauer,  Principal  Director,  Space  Materials  Laboratory.  Michael  Zambrana  was  the 
project  officer  for  the  Mission-Oriented  Investigation  and  Experimentation  (MOIE)  program. 

This  report  has  been  reviewed  by  the  Public  Affairs  Office  (PAS)  and  is  releasable  to  the  National 
Technical  Information  Service  (NTIS).  At  NTIS,  it  will  be  available  to  the  general  public,  including 
foreign  nationals. 


This  technical  report  has  been  reviewed  and  is  approved  for  publication.  Publication  of  this  report 
does  not  constitute  Air  Force  approval  of  the  report's  findings  or  conclusions.  It  is  published  only  for 
the  exchange  and  stimulation  of  ideas. 


luA 


UCjy 


7/4 


'^Tpdpl 


Michael  Zambrana 


SMC/AXE 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and 
Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person 
shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM 
TO  THE  ABOVE  ADDRESS.  _ 


1.  REPORT  DATE  (DD-MM-YYYY) 

20-03-2002 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  TYPE 


Nye  179  Poly-a-Olefin  Estimated  Vapor  Pressure 
as  a  Function  of  Oil  Loss  at  40°C 


3.  DATES  COVERED  ( From  -  To) 


5a.  CONTRACT  NUMBER 

F0470 1 -00-C-0009 


5b.  GRANT  NUMBER 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  Aerospace  Corporation 
Laboratory  Operations 
El  Segundo,  CA  90245-4691 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Space  and  Missile  Systems  Center 
Air  Force  Space  Command 
2450  E.  El  Segundo  Blvd. 

Los  Angeles  Air  Force  Base,  CA  90245 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 


13.  SUPPLEMENTARY  NOTES 

14.  ABSTRACT  ""  ~ _ ~ 

The  vapor  pressure  as  a  function  of  oil  loss  at  40°C  for  Nye  179  poly-a-olefin  (PAO)  oil  has  been  modeled  using  our  in- 
house  vapor  pressure  computer  model. 


TR-2002(8565)-3 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 

SMC 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 

SMC-TR-02-21 


15.  SUBJECT  TERMS 


Vapor  pressure,  Lubricants,  Modeling 


16.  SECURITY  CLASSIFICATION  OF: 

a.  REPORT 

b.  ABSTRACT 

c.  THIS  PAGE 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

17.  LIMITATION  18.  NUMBER  19a.  NAME  OF 

OF  ABSTRACT  OF  PAGES  RESPONSIBLE  PERSON 

David  Carre 

19b.  TELEPHONE 
5  NUMBER  (include  area 

code) 

(719)573-2449 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  239.18 


Contents 


1 .  Introduction .  1 

2.  Discussion .  3 

Figures 

1 .  SFC  chromatogram  of  Nye  179  oil .  3 

2.  SFC  of  Nye  179  converted  to  carbon  number .  4 

3.  Log  vapor  pressure  vs  %  oil  loss  for  Nye  179  oil  at  40°C .  5 

4.  Nye  179  oil  distribution  at  -42%  oil  loss .  5 


iii 


Preceding  Page!^  Blank 


1.  Introduction 


Spacecraft  mechanisms  use  lubricants  that  must  withstand  the  rigors  of  the  orbital  environment.  The 
loss  of  lubricant  via  evaporation  from  the  mechanism  under  low  external  pressure  conditions  can  limit 
mechanism  life.  In  order  to  be  able  to  estimate  the  lubricant  loss  rate,  it  is  necessary  to  know  the 
vapor  pressure  of  the  lubricant  at  the  temperature  of  the  application,  as  well  as  the  design  of  the 
mechanism.  Historically,  vapor  pressures  have  been  estimated  using  several  oil  vapor  pressures 
measured  at  high  temperatures  that  were  extrapolated  to  lower  temperatures  under  the  assumption  that 
the  Clausius-Clapeyron  relationship  (log  vapor  pressure  is  linear  with  reciprocal  absolute 
temperature)  is  linear  over  the  temperature  range  of  the  application.  This  approach  has  two 
difficulties:  The  vapor  pressure  is  usually  representative  of  the  light  ends  of  the  oil,  and  the  linearity 
of  the  Clausius-Clapeyron  relationship  is  an  approximation  for  small  temperature  ranges;  i.e.,  it  is 
actually  expected  to  be  curved  over  large  temperature  ranges. 

A  spacecraft  program  used  consultants  to  provide  an  estimate  for  the  oil  loss  rate  for  a  mechanism. 

The  vapor  pressure  of  the  oil  involved,  Nye  179  poly-a-olefin  (PAO),  was  estimated  from  loss  rate 
measurements.  The  loss  rate  led  to  a  vapor  pressure  of  5  x  10  torr  at  40°C.  However,  the 
consultants  used  a  value  of  5  x  10  torr  in  their  mechanism  loss  rate  calculations.  This  value  is  too 
low  and  would  result  in  a  projected  mechanism  life  that  was  not  conservative.  The  program  office 
asked  us  to  evaluate  the  vapor  pressure  of  the  PAO. 

We  have  developed  a  computer  model  that  can  be  used  to  estimate  the  vapor  pressure  of  the  oil  as  a 
function  of  oil  loss.*  The  model  uses  supercritical  fluid  chromatography  data  to  represent  the 
molecular  weight  distribution  of  the  oil  components  and  linear  hydrocarbon  vapor  pressure  data 
corrected  for  curvature  in  the  log  vapor  pressure  vs  1/T  relationship.  This  approach  has  been  used  to 
model  the  loss  of  several  lubricants  and  exhibited  excellent  correlation  with  actual  measured  loss 
from  mechanisms.*  Our  vapor  pressure  model  was  used  to  model  the  vapor  pressure  vs  oil  loss 
behavior  of  Nye  179  poly-a-olefin  (PAO)  oil  at  40°C. 


*  D.  J.  Carre  and  P.  A.  Bertrand,  “A  Model  to  Calculate  Evaporative  Oil  Loss  in  Spacecraft  Mechanisms,”  Tribology  Trans., 
42(2),  282  (1999). 
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2.  Discussion 


The  starting  point  was  the  supercritical  fluid  (SFC)  chromatogram  of  the  oil.  This  is  shown  in  Figure 
1.  Using  hydrocarbon  calibration  data,  the  retention  times  were  associated  with  carbon  numbers 
(proportional  to  molecular  weight)  for  modeling  purposes.  The  SFC  data  were  converted  to  Detector 
Response  vs  Carbon  Number.  This  is  shown  in  Figure  2.  Although  this  PAO  is  expected  to  have 
molecular  weights  associated  with  multiples  of  10  carbon  atoms,  the  SFC  data  relates  the  pseudo 
boiling  point  (solubility  in  supercritical  carbon  dioxide)  of  linear  hydrocarbons  to  the  boiling  points 
of  the  components  in  the  oil.  Linear  hydrocarbons  have  higher  boiling  points  than  branched  isomers, 
like  PAOs.  As  a  result,  the  PAO  components  are  represented  by  model  components  with  lower  car¬ 
bon  numbers.  Since  the  square  root  of  the  molecular  weight  appears  in  the  loss  and  vapor  pressure 
modeling,  the  errors  introduced  by  the  molecular  weight  differences  between  the  model  components 
and  the  actual  components  in  the  oil  are  very  small. 

The  components  of  the  oil  consist  of  four  groups,  with  the  group  at  carbon  number  -20  contributing 
-3%  of  the  components.  This  4-modal  distribution  will  give  rise  to  a  log  vapor  pressure  vs  percent 


Figure  1.  SFC  chromatogram  of  Nye  179  oil. 
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Carbon  Number 

Figure  2.  SFC  of  Nye  179  converted  to  carbon  number. 

oil  loss  curve  that  is  not  a  smooth  line,  but  would  reflect  the  loss  of  each  of  the  “peaks”  in  the  distri¬ 
bution.  This  is  shown  in  Figure  3.  The  initial  vapor  pressure  of  the  unused  oil  from  the  model  at  0% 
oil  loss  is  -7x10  torr  at  40°C.  Our  model  predicts  that  30%  of  the  oil  has  a  higher  vapor  pressure 
than  the  5  X  10"  torr  derived  from  the  consultants’  loss  rate  data.  In  addition,  our  model  predicts  that 
-85%  of  the  oil  components  have  vapor  pressures  higher  than  the  5x10  torr  used  in  the  mecha¬ 
nism  loss  rate  and  life  calculations.  Thus,  the  model  suggests  that  the  consultants  under-predict  the 
oil  loss. 

The  change  in  the  component  distribution  predicted  by  our  computer  model  is  illustrated  in  Figure  4, 
in  which  -42%  of  the  oil  has  been  lost.  At  this  point,  the  two  more  volatile  component  groups  have 
been  lost.  This  is  consistent  with  Figure  3  in  which  the  vapor  pressure  exhibits  a  large  decrease  at 
-40%  loss,  indicating  that  the  next  less  volatile  group  of  components,  centered  about  carbon  number 
34,  have  much  lower  vapor  pressures  than  the  components  that  have  already  been  lost. 

To  convert  the  vapor  pressures  to  lower  or  higher  temperatures  in  this  temperature  range,  a  factor  of  3 
change  for  each  10°C  change  in  temperature  is  a  good  approximation. 
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3.  Summary 


Our  modeling  suggest  that  the  consultants  used  a  value  for  the  vapor  pressure  of  the  PAO  oil  that  led 
to  an  under-prediction  of  the  mechanism  oil  loss.  The  value  of  5  x  10  torr  derived  from  the  loss  rate 
data  is  lower  than  the  vapor  pressures  of  30%  of  the  oil  components,  and  the  5  x  10  torr  value  used 
in  the  calculations  of  mechanism  loss  is  lower  than  the  values  of  ~85%  of  the  components. 
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